A study was conducted to determine the direct and residual effects of phosphate rock (PR) on the growth and yield of wheat cv. was obtained in T 3 treatment which was followed by Tk. 22,964 ha -1 and Tk.12,292 ha -1 in T 4 and T 2 , respectively. The highest net benefit was obtained from T 3 treatment due to higher grain and straw yields.
Introduction
Wheat (Triticum aestivum L.) is the most important cereal crop and it ranks third both in acreage and production in the world (UNDP and FAO, 2008) . It has been established as the second most important staple food crop after rice in Bangladesh. Bangladesh produces 8,44,000 tons of wheat per annum from 3,90,000 ha of land (BBS, 2008) . Cereal crop production like wheat should be increased to meet the demand of the escalating population of Bangladesh, where an individual requires 454 g cereal food per day (BARI, 2004) . The soil and climate of Bangladesh is favorable in winter for wheat production but the average yield of wheat (2.40 t ha -1 ) in this country is quite low as compared to those in many wheat growing countries of the world.
Improper management of fertilizers is one of the major causes of low yield because fertilizer plays an important role in augmenting yield of wheat. Phosphorus is the second key plant nutrient that is needed in adequate quantity and in available form for the growth, reproduction, and yield of crop. The phosphorus content of Bangladesh soils is being depleted gradually due to crop removal particularly, in intensive culture. Application of phosphatic fertilizers is recommended for all soils and crops in Bangladesh to obtain better yield (BARC, 2005) .
Triple super phosphate (TSP) is the main source of phosphorus. However, phosphate rock (PR) is another source of phosphorus which is the cheapest and economic source of phosphorus (Hoffland, 1991) , but is not being used in the crop field due to its insolubility. The direct application of finely ground phosphate rock (PR) may be an alternative to the use of more expensive soluble P-fertilizer for certain crops and soils (Hammond et al., 1986) . However, in Bangladesh, a little research work has been done in this aspect. Keeping this in this view, the present research was conducted to compare the effect of direct application of PR and TSP on the growth and yield of wheat; and to study the residual effects of high rate of PR applied in the preceding T. aman crop on wheat.
Materials and Methods

Site description
The field experiment was carried out with wheat (cv. Kanchan) grown in sequence after aman rice under some selected treatments. 
Treatments and design
The experiment was laid out in a Randomized Complete Block Design (RCBD) with 4 replications. Each block was sub-divided into 4 unit plots. The total number of plots was 16 (4X4) and the unit plot size was 8 X 5 m. The spacing between blocks was 1 m and between plots was 0.3 m. There were four treatments consisting of TSP and two rates of phosphate rock (PR) and a control. The treatment combinations were T 1: control (0 kg P ha ) and T 4 : PR (210 kg P ha -1 applied in previous crop to cover 6 succeeding crops).
Crop husbandry operations
The experimental field was first opened on 20 days before sowing with the help of power tiller and cross-ploughed 6 times. All kinds of weeds and residues of previous crop were removed from the field. The plant nutrients like nitrogen, phosphorus, potassium, sulphur and boron were used in the research field at 100 kg N ha 
Harvesting and data collection
At the spike emergence stage and at harvest, the plant samples were collected from each plot. Ten hills per plot were collected randomly for the determination of dry matter yield and nutrient analysis. The crop was harvested at full maturity on 14 March, 2005. Sun dry weight of both grain and straw was recorded plot-wise for each treatment.
Chemical analysis of soil and plant samples
The initial soil samples was collected before land preparation from 0-15 cm and was analyzed for both physical and chemical properties in the Laboratory of the Department of Soil Science, Bangladesh Agricultural University, Mymensingh. Particle size analysis of soil was done by Hydrometer method (Gee and Bauder, 1986) . Soil pH was measured with the help of glass electrode pH meter using soil water suspension of 1:25 (Jackson, 1962) . Organic carbon in soil was determined by wet oxidation method (Walkley and Black, 1934) . Cation exchange capacity (CEC) of soil was determined by sodium saturation method as outlined by Chapman (1965) . Total nitrogen of soil was estimated by micro Kjeldhal method (Bremner and Mulvaney, 1982) . Available soil phosphorus was measured by Olsen method (Olsen and Sommers, 1982) . Exchangeable potassium was determined using flame photometer (Black, 1965) and available sulphur was determined by turbidimetric method.
The grain and straw samples from each plot were dried in an oven at 65 0 C for 48 hours, after which they were ground by a grinding mill. Later the ground samples were sieved through a 20 mm mesh sieve. The prepared samples were then chemically analyzed for N, P, K and S following diacid digestion procedure (Jones and Case, 1990; Watson and Issac, 1990) . Analysis of variance for crop characters and nutrient elements of plant samples were done following the F-test. Mean comparisons of the treatments were done following Duncan's Multiple Range Test (DMRT).
Results and Discussion
Growth of wheat plants at panicle initiation (PI) stage
All the treatments significantly influenced dry matter yield at PI stage of wheat plants. Maximum dry matter production (2.25 t ha -1 ) was obtained in T 3 treatment, which was 48.0% higher over control (Table 1 ). The minimum dry matter production (1.52 t ha -1 ), was observed in control.
Plant height
Plant height, was not insignificantly influenced by treatments. The maximum plant height (105.40 cm) was attained in the treatment T 4 and the minimum plant height (102.20 cm) was obtained in T 1 treatment (Table 2) .
Effective tillers hill -1
Maximum number of effective tillers (3.26 hill -1 ) was found in T 3 treatment (Table 2) . TSP treatment showed better result over PR treatment having the same P rate. The minimum number of effective tillers (2.12 hill -1 ) was found in control. Zaman et al. (1997) found increasing number of effective tillers hill -1 over control due to P application on wheat crop.
Panicle length
Panicle length was the highest in T 3 treatment (9.52 cm) ( Table 2) . TSP treatment showed better result over PR having the same P rate (26 kg P ha -1 ). The lowest panicle length (7.12 cm) was found in T 1 treatment. The second highest panicle length was found in T 4 (210 kg P ha -1 applied in previous crop treatment).
Sterile spikelets spike -1
Maximum numbers of sterile spikelets (5.12) were found in control (T 1 ) treatment, which was statistically similar to that in the PR treatment. However, the percentage of sterile spikelets spike -1 ranged from 5.8 to 19.5 ( Table 2 ). The lowest number of sterile spikelets spike -1 was found in T 3 .
Grains spike -1
The highest number of grains spike -1 (35.45) was recorded in T 3 (26 kg P ha -1 ) treatment, which was statistically similar to that in T 4 treatment (210 kg P ha -1 applied in previous crop). However, the percentage of grains spike -1 varied from 80.4 to 94.1 (Table 2 ). The lowest number of grains spike -1 was obtained in control.
1000-grain weight
The weighted of 1000-grains varied from 46.22 to 48.25 g. The highest value was found in T 3 treatment and the lowest value was in T 1. TSP treatment had better effect compared to PR having same rate of P (26 kg P ha -1
). However, 1000-grain weight did not vary significantly among the treatments.
Grain yield
Grain yield varied with P treatments ranging from 2.05 to 3.10 t ha -1 (Table 3 ). The maximum grain yield (3.10 t ha ). However, the treatments T 2, T 3 and T 4 were statistically similar. The minimum grain yield was noted in control treatment. Chowdhury and Mian (1978) reported that the grain yield of wheat increased with increasing levels of P from either TSP or PR.
Straw yield
Straw yield of wheat was also significantly influenced by different treatments. The maximum straw yield (5.54 t ha -1 ) was obtained in T 3 treatment, which showed an increase of 89.7% over control. The treatments T 3 and T 4 were statistically similar. The lowest straw yield was recorded in control. However, TSP treatment showed significant straw yield increase.
Economic analysis
An analysis was done in order to ascertain the most profitable treatment based on cost-benefit ratios of various treatments (Table 4) . Net benefit was calculated by subtracting the total input cost from the gross field profit. Gross field profit was calculated as the total market value of grain and straw of wheat. The input cost was calculated as the total market value of fertilizer and others material and non-material cost. The results of economic analysis of wheat demonstrated that highest net benefit of Tk. 24,788 ha -1 was obtained in T 3, followed by Tk. 22964, Tk.12292, and Tk. 8,504 ha -1 in T 4 , T 2 and control treatments, respectively. The farmers would preferably choose any of these treatments which could give higher net benefit with a relatively lower variable cost.
Conclusions
It may be concluded that the use of rock phosphate may be a new source of P fertilizer to be used in the country. TSP had better performance over PR having same rate of P (26 kg P ha -1 ) and (210 kg P ha -1
). Treatment T 4 showed comparatively better performance than T 2, because of its (PR) low solubility. Although PR bears some toxic substances in soil, but its low price and high residual effect on cropping system could be an added factor for easy acceptance of P fertilizer compared to other phosphatic fertilizers. The effect of TSP on growth and yield of wheat was better than the direct application of PR. The residual effects of high rate of PR applied in preceding T. aman crop had shown better performance than the PR, which was used in present wheat crop. The highest economic benefit was found in TSP receiving crops compared to PR.
